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Learning biases and language development
• Learning bias:

• People make less mistakes with specific patterns
• People are more likely to infer specific patterns from limited data

• Applied to language:
• Learners introduce mistakes which regularize the language
• When forced to extrapolate, learners create new utterances that 

adhere to their biases
• Random communication system becomes “structured” – symbols 

systematically map to meanings

Proposed learning biases affecting language development
• Simplicity

• Bias toward patterns that minimize the number of words
• Claim: learners’ mistakes and inferences make language simpler

• Transparency
• Bias toward patterns that map every word to exactly one meaning
• Claim: learners’ mistakes and inferences make  language more 

transparent

Iterated learning procedure
• Like a game of “telephone” (Figure 2)
• Participant responses on a vocabulary test are used to train next 

participant in the chain
• Used to investigate the influence of learning biases on language 

development

Background

Let’s play telephone! 

Quantifying the effect of transparency bias on language evolution
Aya Amer, Olessia Jouravlev

L-Neuro Lab, Department of Cognitive Science, Carleton University

• Aim: modify Kirby et al.’s experiment to control for English-
specific learner biases

• Is the development of language through repeated learning 
influenced by simplicity bias or transparency bias?

1. Can we replicate Kirby et al.’s simplicity bias finding?
2. If we control for the confounds in Kirby et al., will 

languages develop transparent, compositional structure?

Research Questions

Participants
• 200 participants (Figure 9)
• 10 transmission chains x 

10 participants per chain x 
2 experimental conditions

Artificial language
• 27 items (Figure 10)

• 3 shapes x 3 colours 
x 3 numbers

• Labels in Experiment 1: 
same length, no spaces
• “wuneho”
• “betoga”
• “nukagi”

• Labels in Experiment 2: 
1, 2, or 3 syllables, spaces
• “wu ne ho”
• “be tu”
• “nu”

Materials & Methods

• Participants influenced by their knowledge of English
• English has a low morpheme-to-word ratio

Turkish: 
Şimdi otobüs-te-yiz
now   bus-LOC-COP.1.PL

• English puts spaces between words
Japanese:
この本は難しいです
this book TOP difficult COP

“This book is difficult”

• English speakers in Kirby et al.’s experiment see a one-word 
label and might assume that one word = one meaning

• Would never produce compositional structure, because of 
language-specific biases

Issues with Kirby et al.

Procedure
• Used iterated learning
• Taught artificial language to a participant, tested participant on the 

language, and used their answers to train the next participant
• Repeated for 10 participants per chain (4 chains total)
• Compared initial and final artificial languages

Kirby et al.’s Experiment

Results
• Artificial language became “degenerate”: vocabulary cannot 

distinguish the full range of meanings (Figure 7&8)
• Concluded that learners show overwhelming simplicity bias

Simple mapping Transparent mapping

Figure 1: Mappings between words (green) and meanings (purple) 
reflecting the different proposed learning biases

Figure 2: The iterated learning procedure

Prediction
• Artificial language would go from random structure (Figure 3&4) to 

compositional structure (Figure 5&6)
• Because of memory demands, need to extrapolate

betu bemi semi

Predicted language: Compositional

Figure 3: Initial structure of the artificial 
language

betu lami

Initial language: Unstructured
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Figure 5: Prediction for the structure of the 
artificial language at the end of the chain

Figure 6: Predicted word-
meaning mapping

Figure 8: Final word-
meaning mapping

betu seko seko

Resulting language: Degenerate

Figure 7: Structure of the artificial language 
at the end of the transmission chain
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Figure 4: Initial word-
meaning mapping
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• Experiment 1: Replicate Kirby et al.
• Label each stimulus with a single word

• Experiment 2: Label the stimuli with a variable number of 
syllables, separated by spaces
• Allows participants to overcome the English-specific 

assumption that one word = one meaning
• Variable number of syllables is to avoid biasing subjects 

toward compositionality

Proposed Experiment

Figure 9: Example of 10 transmission 
chains with 10 participants each

Procedure
• Participant trained on 12/27 items

• See each item with its label 3 times in random order
• Periodic matching task as attention check
• Periodic free-response task

• Participant tested on all 27 items
• Type the label for each object in free-response box

• Participants’ answers become the training set for the next 
participant

Variables of interest
• Structure

• Expected to increase moving down the chain
• Transmission error

• Expected to increase moving down the chain
• For Experiment 2: Proportion of 1-, 2-, and 3-word labels

• Proportion of 3-word labels expected to increase moving 
down the chain

• Final language includes mostly one-word labels → 
simplicity bias

• Final language includes mostly three-word labels → 
transparency bias 

Figure 10: Example items (Beckner et al., 2017)

Beckner, C., Pierrehumbert, J. B., & Hay, J. (2017). The emergence of linguistic structure in an  online iterated learning task. Journal of Language Evolution, 2(2), 160–176. 
Kirby, S., Cornish, H., & Smith, K. (2008). Cumulative cultural evolution in the laboratory: An experimental approach to the origins of structure in human language. Proceedings of the 
National Academy of Sciences, 105(31), 10681–10686. 
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Presupposition and Reasoning in Conditionals: 
A Theory-Based Study of Humans and LLMs

Tara Azin1, Yongan Yu2, Raj Singh1, Olessia Jouravlev1  
1Carleton University, Department of Cognitive Science

2McGill University, School of Computer Science

Presupposition projection in conditional sentences 
sits at the intersection of semantics, pragmatics, and 
probabilistic reasoning. However, it remains largely 
unevaluated in large language models. This study 
presents a controlled behavioral comparison of 
human and LLM presupposition judgments on 
conditional sentences of the form If A, Bp, where the 
relationship between the antecedent and the 
projected presupposition is varied. Using a normed 
dataset of 90 items and likelihood ratings from 120 
human participants and four LLMs, we investigate 
how antecedent–presupposition relevance and 
contextual information affect presupposition 
interpretation. Our findings show that while some 
models approximate human judgment patterns, this 
alignment appears to stem from surface-level 
pattern matching rather than real pragmatic 
competence.

● I. Heim. "On the Projection Problem for Presuppositions". In: Formal Semantics: The 
Essential Readings. Ed. by P. Portner and B. H. Partee. Blackwell, 1983, pp. 249–260.

● T. Azin, D. Dumitrescu, D. Inkpen, and R. Singh. "Let's CONFER: A Dataset for Evaluating 
Natural Language Inference Models on CONditional InFERence and Presupposition". In: 
Proceedings of the Canadian Conference on Artificial Intelligence. 2025. doi: 
10.21428/594757db.13f92bbd.

● S. Sravanthi, M. Doshi, P. Tankala, R. Murthy, R. Dabre, and P. Bhattacharyya. "PUB: A 
Pragmatics Understanding Benchmark for Assessing LLMs' Pragmatics Capabilities". In: 
Findings of the Association for Computational Linguistics: ACL 2024. Association for 
Computational Linguistics, 2024, pp. 12075–12097.
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We constructed 90 conditional sentences of the form 
If A, Bp across three antecedent–presupposition 
(A–p) relevance levels (relevant, somewhat relevant, 
and irrelevant) validated through a norming study 
with 30 native English speakers. Each sentence was 
paired with a target presupposition for likelihood 
rating.

Participants & Models. 120 native English 
speakers recruited via Prolific rated each item on a 
0–7 Likert scale under two conditions: with and 
without minimal identifying context. The same stimuli 
and instructions were given to four LLMs (GPT-5, 
Gemini-2.5-flash, Llama-3.1-8B, and Qwen2.5-7B) 
which additionally produced chain-of-thought 
reasoning traces.

Stimuli Design. Base propositions spanned low- 
(e.g., having a wetsuit), mid- (e.g., having a brother), 
and high-probability (e.g., having a smartphone) 
ownerships, each embedded in a conditional with a 
possessive trigger. Antecedents were selected to 
induce graded A-p relevance, for instance, being a 
scuba diver is highly relevant to having a wetsuit, 
while liking coffee is irrelevant. This crossed design 
allowed us to examine how proposition probability 
and antecedent relevance jointly shape 
presupposition judgments.

Reasoning Evaluation. To assess whether model 
reasoning shws real pragmatic competence, we 
developed a theory-informed checklist grounded in 
formal semantics and pragmatics (covering accuracy, 
presupposition handling, pragmatic criteria, and 
coherence). A judge model (Claude Haiku 4) 
evaluated each reasoning trace against 52-59 binary 
checklist questions, with human annotators validating 
5% of outputs (89% inter-annotator agreement).

Human judgments showed a clear interaction 
between proposition probability and A-p relevance, 
with irrelevant antecedents imposing strong 
penalties especially for low-probability items. Among 
models, Qwen2.5-7B and Llama-3.1-8B aligned 
most closely with human ratings, yet scored lowest 
on the reasoning checklist while proprietary models 
showed the opposite pattern. This dissociation 
suggests that behavioral alignment with humans 
shows surface-level pattern matching rather than 
true pragmatic competence.

Our results highlight an important gap in LLM 
pragmatic reasoning. Matching human behavior and 
understanding language the way humans do are not 
the same thing. Models that best mimic human 
presupposition judgments do so through distributional 
pattern matching rather than principled pragmatic 
inference. This is a distinction that is invisible to 
accuracy-based metrics alone. Minimal context 
improved human sensitivity to probabilistic structure 
but often introduced inconsistencies in model outputs. 
These findings emphasize the need for theory-based 
evaluation frameworks that combine behavioral 
measures with reasoning assessment to meaningfully 
diagnose pragmatic competence in LLMs.



Code Tracing Strategies

Assignment + Computation Sequence

Problem 1

Correctness

Problem 4

Code tracing is the process of simulating how a computer executes a
program. This involves keeping track of variable values and state of program
execution.

Proportion of Strategies Used
by Modality
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The Effect of Medium on Code Tracing Outcomes
Caitlin Creaser

Completeness

Problem 4

Assignment
Sequence

Line 1:
total=100
count=1

Line 2:
total=100
count=2

Val = 10 > 5, count = 1 + 1 = 2, total = 100
Val = 1 < 5, total = 100 - 1 = 99
Val = 13 < 5, total = 99

Words-Focused Trace

Cross Out

Table

Variable Value
Sequence

Condensed Calculation

Other

A strategy is used which cannot fit into
any of these categories and cannot be
considered a combination of these
strategies.

None

No code trace is provided. Only an
answer is written.

Problem 1 Problem 4

Problem 1

Variables of Interest

Correctness: number of printed variables containing
a correct value

Completeness: for each iteration of the loop, a
score was given when a value was written for a
given variable. This was averaged across each
labelled variable (Problem 1: total, count, val, and
tracking the conditional).Problem 4

e.g. In problem 1, if the final output values of count
and total are both correct, a score of 2/2 was
assigned.

laptop paper tablet

M
ea

n 
C

or
re

ct
ne

ss
 (%

) 100.00

80.00

60.00

40.00

20.00

0.00

laptop paper tablet

M
ea

n 
C

om
pl

et
en

es
s 

(%
)

40.00

30.00

20.00

10.00

0.00

laptop paper tablet

M
ea

n 
C

or
re

ct
ne

ss
 (%

) 100.00

80.00

60.00

40.00

20.00

0.00 laptop paper tablet

M
ea

n 
C

om
pl

et
en

es
s 

(%
)

40.00

30.00

20.00

10.00

0.00

laptop paper tablet

St
ra

te
gi

es
 U

se
d 

(%
) 100.0%

80.0%

60.0%

40.0%

20.0%

0.0%

condensed
calculation
variable value 
sequence
assignment 
sequence
assignment+comp
words focused trace
cross out
table
other
none

laptop paper tablet

100.0%

80.0%

60.0%

40.0%

20.0%

0.0%

condensed
calculation
variable value 
sequence
assignment 
sequence
assignment+computa
tion
words focused trace
cross out
table
other
none

St
ra

te
gi

es
 U

se
d 

(%
)



Keeping The Mind Moving During Aging

Leah M. Durham, Mazzy Beasley, Larkin Kitsemetry, Akshaya Kirithy-Baskar, John A.E. Anderson

Carleton University, Department of Cognitive Science

Some older individuals maintain cognitive 

performance despite age-related brain 

changes, suggesting compensatory neural 

mechanisms (Stern, 2002). 

Functional near-infrared spectroscopy (fNIRS) 

research shows cerebral oxygenation reflects 

both neural activity and cardiovascular health, 

which varies with aging and influences 

cognition (Suhr & Chelberg, 2013). 

However, how cardiovascular dynamics (e.g., 

heart rate variability; HRV) support cognitive 

reserve remains unclear. Integrating brain, 

behaviour, and physiology using accessible 

methods like fNIRS is critical for 

understanding cognitive resilience in aging.

1. Examine the relationship between 

cardiovascular health via physical activity, 

cognitive performance, and brain activation 

during an n-back task.

2. Identify neural patterns supporting 

compensatory mechanisms.

3. Evaluate fNIRS as a tool for studying the 

brain-heart interactions in the aging 

population.

Background1 Method4

Objectives2

Hypotheses3

Conclusions6

Future Directions7Preliminary Results5
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CANAL Intake 
Questionnaire

Fitzpatrick &
Andre Walker

Pathological Factors

BPAQ & MBPAQ

CRIq, LHQ, SCD-Q

Skin, Hair

Physical Activity

Cognitive Reserve 
Measures

Recruitment & 
Grouping

Session 1: 
Online Questionnaires

(50 mins)

Session 2: 
In-person Lab Visit 

(70 mins)

Montreal Cognitive 
Assessment 

(MoCA)

fNIRS Cap Setup

Resting State Scan 
(5 mins)

N-back Task 
(30 mins)

Younger
Adults

Older
Adults

n = 65n = 68

18 -25 
Years Old

60+
Years Old

Procedure Flowchart Functional Near-Infrared Spectroscopy (fNIRS)
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400 ms
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1-Back

2-Back

HAROLD PASA CRUNCH

Based on research indicating a relationship 

between cardiovascular health, physical 

activity, cognitive reserve, as well as 

compensatory models of cognitive aging 

(HAROLD, PASA, and CRUNCH), the current 

study proposes 2 hypotheses:

(H1) Physically active older adults will 

outperform less active older adults on the 

n-back task.

(H2) Physically active older adults will have 

brain activation patterns consistent with 

younger adults.
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Younger & Older Adult Comparison

Older Adult Only Comparison

1-Back 2-Back

HbO

HbR

Dimensions

2 4 6 8 10 12

0
2
0

4
0

6
0

8
0

1
0
0
0
0
0
0

2
0
0
0
0
0
0

0

In
e
rt

ia
 E

x
tr

a
c
te

d
 b

y
 t

h
e
 C

o
m

p
o
n
e
n
ts

P
e
rc

e
n
ta

g
e
 o

f 
E

x
p
la

in
e
d
 V

a
ri
a
n
c
e

Explained Variance per Dimension + Permutation Tests

Leisure Score YA

Physical Activity Bootstrap Ratios

Bootstrap Ratio (BSR)

Sport-Leisure Score YA

Household Score YA

Resting Heart Rate YA

Work Score YA

Sport Score YA

Sport Score OA

Work Score OA

Sport-Leisure Score OA

Leisure Score OA

Household Score OA

Resting Heart Rate OA

4

F
e
a
tu

re

20-2-4

1 2 3 4 5 6

0
1
0

2
0

3
0

4
0

P
e
rc

e
n
ta

g
e
 o

f 
E

x
p
la

in
e
d
 V

a
ri
a

n
c
e

Dimensions

In
e
rt

ia
 E

x
tr

a
c
te

d
 b

y
 t

h
e
 C

o
m

p
o
n
e
n
ts

Explained Variance per Dimension + Permutation Tests

1
0

0
0

0
0

0
2

0
0

0
0

0
0

0

210-1-2

Sport-Leisure Score

Sport Score

Resting Heart Rate

Work Score

Leisure Score

Household Score

F
e
a
tu

re

Physical Activity Bootstrap Ratios

Bootstrap Ratio (BSR)

These preliminary results provide partial, 

visual support H2 where physically active Oas 

may show brain activation patterns that are 

more like YAs. 

Across the YA-OA comparison, HbO showed 

the clearest task-related patterns, while HbR 

was more regionally variable, with greater 

differentiation emerging in the 2-back 

condition. 

Although the OA-only effects were not 

significant, the spatial trends suggest that 

higher sport and sport-leisure activities may 

support more youth-like neural recruitment 

during cognitive demand.

Future work will build on the expected 

behavioural effects observed on the n-back 

task by testing whether better performance in 

physically active older adults is associated 

with more youth-like neural activation 

patterns. 

In addition, the present OA-only findings did 

not reach significance, which may reflect a 

small sample size rather than the absence of 

meaningful effect. 

A larger sample size will help determine 

whether the observed neural trends are 

reliable and whether physical activity is 

associated with both improved task 

performance and more youth-like brain 

activation in older adults.

Stern, Y. (2002). What is cognitive reserve? Theory 

and research application of the reserve concept. 

Journal of the International Neuropsychological 

Society, 8(3), 448–460. 

https://doi.org/10.1017/s1355617702813248

Suhr, J. A., & Chelberg, M. B. (2013). Use of near-

infrared spectroscopy as a measure of 

cerebrovascular health in aging adults. Aging, 

Neuropsychology, and Cognition, 20(2), 243–252. 

https://doi.org/10.1080/13825585.2012.727976
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Non-finiteness and Ergative Case Marking 
by Chester Leopold

 (1)  John saw him. 

(2)     He danced. 

 (3)   *Him danced. 

(4)    *Bill saw he.  

(5)        (Basque:)

a

b

Ergative Alignment: 

Subject.ERG transitive verb  (object.ABS) 

 
(Subject.ABS) intransitive verb 

NOM/Accusative Alignment: 

(Subject.NOM) transitive verb  object.ACC 

 
(Subject.NOM) intransitive verb 

What happens to the case marking of subjects in non-finite clauses? 

   

(8)  *John saw [he catch fish].                   (nominative embedded subject)

(7)  John saw [him catch fish].                  (accusative embedded subject)

In English, nominative case cannot appear on subjects in non-finite clauses (Rezac et al. 2014, Coon 2017): 

Bobaljik (1993) and Johns and Smallville (1999) claimed that ergative subjects cannot appear in non-finite environments. 

Nor can there be ergative agreement with the subject in these contexts:

(9a)

(9b)

(Basque non-finite)

(Basque finite)

Some data from the following languages might be evidence for Bobaljik’s rule: 

Hindi (Bhatt 2005, Mahajan 2017) 

Basque (Rezac et al. 2014, Tollan 2013) 

Nukuoro (Drummond 2023) 

Warlpiri, though only partially (Laughren 2017) 

(12)

(13)

The idea that case assignment is deficient in non-finite environments is discussed elsewhere with respect to 

absolutive case (Legate 2006; Coon, Mateo Pedro & Preminger 2014; Polinsky 2017; Coon & Vázquez 

Álvarez 2025): 

Legate proposed that in one class of ergative languages– “absolutive as nominative”, absolutive case cannot 

be assigned in non-finite environments to intransitive subjects and to transitive objects.  

4  What is non-finiteness? 

Theorists typically define non-finiteness as the absence of tense and agreement in a clause and the 

inability for a non-finite verb to appear as the main verb of clause (Santorini and Kroch 2007; Carnie 2021): 

(21)  a.  I want [him to eat asparagus].                    (non-finite) 

 b.  *I want [him to eats asparagus].                 (finite) 

(22)   a.  He gives both of the charities money.        (finite) 

  b.  *He give both of the charities money.         (non-finite) 

However, Johns and Smallville (1999) note that linguists do not consider all languages to behave the 

same with respect to non-finiteness, (this makes it challenging to correctly categorize the sentences 

that are relevant to testing Bobaljik’s hypothesis):

Johns and Smallville note that linguists tend to classify non-finiteness in a given language when a verb 
category or clause exhibits at least two of the above three features.  

For example, unlike English, Middle Welsh infinitives can appear as the main verb in the sentence:

(Niuean)

(Warlpiri)

(23)

This is because the functional head that assigns absolutive case in these languages “T” is deficient unlike the “T” 
in finite clauses. 

In Legate’s second class of languages– “absolutive as default”, absolutive case cannot be assigned to intransitive 

subjects in non-finite environments. However absolutive case can be assigned to transitive objects in non-finite 

environments. 

Main clause      Tense        Agreement 

(14)

Mahajan (2017) claims that no matter what, the subject “Kabir” must get its ergative case as the transitive subject of “to have made” 
inside of the non-finite clause.

This satisfies the Hindi rule that ergative case can only be assigned in perfective clauses. 


Mahajan considers two possible structure for (14): 


i. The ergatively marked “Kabir” stays inside of the non-finite clause and breaks Bobaljik’s generalization.

ii. “Kabir” moves with its ergative case to the subject of the finite verb “seemed” through raising out of the non-finite clause: 

	 (I)  [ seemed [Kabir.Erg to have made.Perf a big mistake]]

     	         Finite	 	 	 non-finite

	 (II)  [Kabir. Erg seemed [Kabir.Erg to have made.Perf a big mistake]]

(Hindi finite)

Though how robust is Bobaljik’s rule given the many apparent exceptions?: 

a. Nominative subjects can appear in non-finite clauses in Western Portuguese (Legate 2006). 

b. Legate (2006:238) notes that, “all cases are available in nonfinite ("subjunctive") clauses” in Niuean, including ergative. 

c. Mahajan (2017) cites a hindi sentence where an ergative subject might appear in a non-finite embedded clause. 

d. Ergative agreement can appear in Ch’ol Mayan embedded “less-finite”/“non-finite” clauses (Coon & Vázquez Álvarez 2025.:

This is because a functional head in the structure other than “T” can assign absolutive case to the object, namely 
‘little v transitive’. 

(Hindi non-finite)

Perfective complement

(10a)

(11)

(24)

(25)

(10b) (Hindi non-finite)

(My translation of the non-finite clause: ‘while the woman cook food’.)

2   Are Hindi raising constructions an exception to Bobaljik’s rule?

Bhatt et al. (2011:5) claim that: “There is no straightforward equivalent to English-style raising constructions in 
Urdu/Hindi”. 

Bhatt et al. write that, “lag ‘attach to’ cannot be used with non-finite complements as the English ‘seem’ (e.g. John seems to be going home.)” (6). 

Therefore, Bhatt et al. might not assume with Mahajan that (14) can be well-formed for certain speakers. 

(Hindi regular transitive perfective)

(Hindi modal + infinitive)

Yassin needs [PRO to do this].

(Though I don’t think (19) is in the perfective)

(“somewhat marginal for some Hindi speakers”)

Bhatt et al. nonetheless identify interesting modal + infinitive constructions in Hindi. 

Bhatt et al. claim that these constructions cannot have ergative case even when the non-finite verb is transitive.  

Bhatt et al. conclude that these constructions are best analyzed as  involving control:

6  Outstanding Questions: 

Are parameters relevant for describing the difference in case assignment across Legate’s two language groups? 

Universal Grammar must permit children to learn ergative and accusative languages along with their rules for case assignment 
in non-finite environments. 

One wants to know how theories of parameters may be relevant to this discussion.  

4  Bhatt et al. (2011) on Hindi Raising

3  Basque “Raising to Ergative”

Sentence (14) looks similar to Rezac et al.’s (2014) Basque “Raising to Ergative” constructions.


 These Basque sentences contain an infinitive verb and the modal verb “behar”/“must”/“needs to”:

Though there are interesting reasons to question that the Hindi (14) and the Basque (15) are on a par. 

1  Ergative and Accusative Languages

(Raising to ergative)

(Regular unaccusative)

(15)

(16)

(17)

(18)

(19)

(20) (control structure)

5  Legate’s (2006) Absolutive Hypothesis
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Semantic Association Transfer in Bilinguals (a Proposal)

Fengwei Liu, Olessia Jouravlev
Linguistic Neurodiversity Lab, Department of Cognitive Science, Carleton University

Models:
• Monolingual: Goldfish* (125M, autoregressive decoder-only)
• Bilingual: GLM-130B (bidirectional encoder-decoder)
• Multilingual: GPT2* (124M, autoregressive decoder-only), GPT2 large 

(774M), BLOOM (176B, decoder-only, balanced training data)
The same set of stimuli will be used to test if bi-/multilingual LLMs 
resemble human-like semantic transfer.

Prompting: “Rate the conceptual relatedness between these two words 
from 1 to 10: [prime], [target]. Make sure you only return a number and 
nothing more. Rating:”

Representational Pooling to decontextualize word embeddings:
• For each word, sample 100 sentences from natural corpora. Senses of 

polysemous words will not be controlled to simulate the experiment.

PROBING LLMs

1. Kroll JF, Stewart E. Category Interference in Translation and Picture Naming: Evidence for Asymmetric 
Connections Between Bilingual Memory Representations. Journal of Memory and Language. 1994 Apr 
1;33(2):149–74.
2. Dijkstra T, Heuven WJB van. The architecture of the bilingual word recognition system: From identification to 
decision. Bilingualism: Language and Cognition. 2002 Dec;5(3):175–97. 
3. Altarriba J, Basnight-Brown DM. Methodological considerations in performing semantic- and translation-
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How are the two linguistic systems organized in the bilingual 
brain?

An integrated, interactive structure
• Language-invariant representations
• Connections across linguistic levels

BILINGUAL SEMANTICS

RQ 1 – ERP & behavioural data: mixed-effect GLM
• Fixed effect: Associative structure, Bilingualism, Electrodes
• Random effect: Participant
RQ 2 – Representational Similarity Analysis

ANALYSIS

Participants: 20 Mandarin-English bilinguals and 20 English monolinguals

EEG SEMANTIC PRIMING

Language-agnostic lexical access
• Translation equivalents prime semantic activation [3]
• Bilingual patterns for categorizing daily objects converge across 

languages [4]
• A shared brain network for L1 and L2 lexico-semantic processing [5]

Translation equivalents are not conceptual equivalents.

BIA + [2]

Conceptual representations 
diverge between culture-specific 
associations [6]

• Interaction effect of language 
and culture on ERP and RT 

• Culturally congruent imageries 
activate corresponding language

• Language-specific conceptual 
representations exist for 
translation equivalents

frustration ≠ переживать

RHM [1]

LLMs have super-human multilingual abilities. Are languages 
organized in LLMs in similar ways as the human brain?

The Semantic Hub Hypothesis [8]
• Cross-lingual & cross-modal representations in the middle layers
• Similar representations between translated sentences

MULTILINGUAL LLMs

Associative structures transfer across languages [7]

English

Mandarin

Bilingual 
transfer 

Hebbian

Are semantic associations specific to one language 
transferred into the other?

• Higher bilingual N400 
from priming

• Bilingualism increases 
relatedness → A denser 
lexico-semantic network

• Cross-lingual interventions steer LLM output sentiment - ActAdd

• Early and middle layers are aligned with the dominant language - logit lens

LLM embeddings predict BOLD response across languages [9]

WITHIN ACROSS

No study on cross-linguistic conceptual transfer in LLMs

RESEARCH QUESTIONS

RQ 1: Do language-specific semantic associations carry over to the 
other language in bilinguals?

H: Compared to monolinguals, bilinguals exhibit smaller N400 effect 
and faster RT with words connected only in the other language.

RQ 2: To what extent do multilingual Transformer-based LLMs 
show similar patterns of cross-lingual association transfer on a 
representational level?

H: Conceptual organization across languages converge in multilingual 
LLMs. Balanced training data results in larger degrees of convergence.

RQ 3: What representational structure contributes to conceptual 
convergence in LLMs?

H: Language-agnostic neurons in the middle layers of multilingual 
LLMs output similar encodings of these concept pairs.

• Balanced early bilinguals
• LEAP-Q & LexTALE for screening

• Minimal second-lang proficiency
• AoA & AoP

Stimuli: 40 prime words in 4 associative structures each
• Association norms: Small World of Words (10,024 M & 12,217 E cues)
• Step 1: translation equivalent norms for 50,000+ Mandarin words [10]
• Step 2: association pairs that received the most diverging percentages 

of response in the 2 languages
• 4 counterbalanced lists with all primes once in each session

M+ E+ M+ E- M- E+ M- E-
M-E Bilingual N400 -- N400 - N400 -- N400 +
Monolingual N400 -- N400 + N400 -- N400 +

line E+ E-

M+ queue army

M- dance pigeon

dragon E+ E-

M+ fantasy phoenix

M- scales blue

Confounds: 
• word frequency
• concreteness
• cognates
• co-occurrence

Paradigm: priming and semantic relatedness task

ERP component
• Epoch: −200 to 800 ms
• N400: 300–500 ms
• Centro-parietal electrodes

A translation pair may have slightly different referents

Average token vectors to extract layer-wise word 
representations
Pool word representations across 100 contexts 
using the average

• Both EN and CN word representations will be extracted
• Sparse Autoencoders to interpret the concepts encoded by each word.

S1 S2 S3 …

S1
S2
S3

…

M+ E+ …
Subject 1 LLM 1

Metacorrelation

RQ 3 – Layer-wise cross-lingual alignment
• Cosine-similarity
• Retrieval precision in bilingual dictionary induction (precision@k) with 

Cross-domain Local Scaling after concept space alignment [11]
• Sparse autoencoders for interpretability



 Behavioural  Signatures  of  Dopaminergic  Variat ion:  A Machine Learning
Approach to N-back Performance

Hannah Matresky,  Jaiden Bachelder,  Mazzy Beasley,  Natalie Tutu
CGSC 3601: AI  and Cognit ive Science, Department of Cognit ive Science, Carleton University,  Ottawa, Ontario,  Canada

Dataset & Participants
Sample: 119 young women (ages 18–30) with both
behavioural + genotype data²
Measures: n-back task performance + COMT Val158Met
genotype (Val/Val, Val/Met (Het), Met/Met)

Evaluation Metrics
Accuracy: Overall correct classifications
Sensitivity (TPR): Correct identification of each
genotype class
Specificity (TNR): Correct rejection of non-target
classes

Created participant-level features:
Mean RT (1-back, 2-back)
Total hits (correct responses)
Total false alarms (incorrect responses)
Genotype classification (Val, Het, Met)

Final dataset: 119 participants × 8 features

Extraction Processing Cleaning

Feature Engineering

ClassificationEvaluation

Acknowledgments

Introduction

Results Conclusion

Hypothesis

COMT genotype influences executive functioning,
particularly working memory and response inhibition (PFC)
The COMT Val158Met polymorphism affects dopamine levels
by altering enzyme activity¹:

Val/Val: higher COMT activity → lower dopamine →
poorer working memory performance
Met/Met: lower COMT activity → higher dopamine →
better working memory performance

Traditional analyses may miss nonlinear relationships (e.g.,
dopamine’s inverted-U effect)
Can working memory performance (n-back accuracy)
predict underlying COMT genotype?

Methods

Figure 1. The inverted-U dopamine response curve and
working memory in the Prefrontal Cortex (PFC)¹

ZeroR (baseline): 47.88% accuracy; always predicted Het
(majority class)
Naïve Bayes: 27.73% accuracy (below baseline);
overpredicted Met, highest specificity

Achieved higher specificity (TNR) than other models
J48: 40.34% accuracy; no meaningful splits → defaulted
to Het
Random Forest: 40.34% accuracy; similar to J48, no
improvement with complexity

Thank you to our Professor Dr. Mary Kelly and our Teaching
Assistant Eilene Tomkins-Flanagan for the support!

 We predict higher N-back accuracy scores in Met/Met
individuals and lower scores in Val/Val individuals 

No model outperformed the baseline (ZeroR)
Strong tendency to overclassify the majority class (Het)
Minority classes (Val, Met) poorly identified across
models
Behavioural features showed limited ability to
distinguish genotypes

References

Models implemented in WEKA:
ZeroR (baseline)
Naïve Bayes (probabilistic)
J48 decision tree (rule-based)
Random Forest (ensemble, nonlinear)

 

1.Gravelsins, L., Duncan, K., Einstein, G. (2021) Do Oral Contraceptives Affect Young
Women’s Memory? Dopamine-Dependent Working Memory Is Influenced by COMT
Genotype, but Not Time of Pill Ingestion. PLOS ONE, vol. 16, no. 6. p. e0252807,
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Figure 2. Overview of the data processing and machine learning pipeline.
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INTRODUCTION
Participants were recruited by email, social media or in person 
Participants completed:

1. Demographic questionnaire 
2. LexTALE-FR language proficiency test

Participants then completed two tasks:
Stroop Task 
Simon Task

Practice trials were provided before each task
Reaction time and accuracy were recorded, but reaction time
was what was used to test inhibitory control
Total participation time: ~ 8-15 minutes

METHODS & MATERIALS

RESULTS 

REFERENCES

IMPLICATIONS

Our results suggested no significant result between the
bilinguals and monolinguals on either the Stroop (p = .469) or
Simon (p = .977) tasks according to an independent samples t-
test. Large standard deviation across scores suggests high
variability across the scores. As seen in Figure 1, the scores of
the Stroop Task were not very different, and the same can be
said about the Simon Task in figure 2

Figure 1: Means and
Medians

 in the Stroop test

Figure 2:
Means and
Medians 

in the Simon
Task

Our research project replicates and extends the findings of
Blumenfeld and Marian (2014 ). 

Purpose: provide a deeper understanding of bilingualism and
related cognitive / language processes for practical implications
and further research 

Bilinguals engage in linguistic competition, which has been theorized
to strengthen inhibitory control processes compared to
monolinguals. In this study, two conflict types are examined: 

stimulus-stimulus conflict: when two features of a stimulus
compete at the representational level, ⟶ measured through the
Stroop task 
stimulus-response conflict:  when a stimulus automatically
triggers a motor response conflicting with a task’s response rule.
⟶ measured through the Simon task 

Predictions / Hypothesis
Bilinguals should show an advantage on the Stroop task through
faster response times compared to monolinguals 
Language groups are hypothesized to affect Simon RTs and
Stroop RTs 
Monolinguals should show no difference in performance across
both task types 
The bilingual advantage should result from the cognitive
mechanism embedded in the Stroop task ( stimulus-stimulus
conflict), which they engage in more 

Particpants 
21 university students, ages 18-22 (M age = 20)
61.9% female, 38.1% male
Participants classified as: monolinguals (English), bilinguals
(French, English) and multilingual (French, English and
another given language).

Materials 
Laptops used to record reaction times
LexTALE-FR test

measured French proficiency 
used to classify bilinguals vs monolinguals 

Stroop Task
Measured stimulus-stimulus inhibition
Participants identified the ink colour while ignoring the word 

Simon Task 
measures stimulus-response inhibition 
Participants responded to colour of the circle while ignoring
it’s location on the screen 

PROCEDURE

CONCLUSIONS

Carleton University, Department of Cognitive Science 

Bilingual cognitive advantage: 
Not a straightforward or universally
replicable phenomenon. Further
investigation is needed before firm
conclusions can be drawn

Future research: 
Should operationalize bilingualism more
precisely, use larger samples, standardize
testing conditions, and explore variables
such as language switching frequency and
working memory capacity

Broader significance: 
Understanding when and how bilingualism
strengthens cognitive control has
implications for cognitive science,
education, and our understanding of how
language shapes the mind

These findings suggest that the bilingual
cognitive advantage in inhibitory control may
not be as consistent as proposed, challenging
previous conclusions [1]. 

The high variability across scores suggests
individual differences may play a stronger role
in task performance than language group
membership alone. 

These results highlight the importance of
precise participant classification, controlled
testing environments, and sufficient trial
counts for reliable and replicable findings in
bilingual cognitive research.

[1] Blumenfeld, H. K., & Marian, V. (2014). Cognitive control
in bilinguals: Advantages in Stimulus–Stimulus inhibition.
Bilingualism: Language and Cognition, 17(3), 610-629.
https://doi.org/10.1017/S1366728913000564



Cold
Hot, Snow, Warm, Winter, Ice,

Wet, Frigid, Chilly, Heat,
Weather, Freeze, Air, Shiver,

Arctic, Frost

Mountain
Hill, Valley, Climb, Summit,
Top, Molehill, Peak, Plain,

Glacier, Goat, Bike, Climber,
Range, Steep, Ski

Both Encoding Level and Test Type have
significant main effects on memory accuracy.

The Encoding Level × Test Type interaction on
memory accuracy is significant.

Neither Encoding Level nor Test Type had a
significant main effect on critical lure presence.

The Encoding Level × Test Type interaction on
memory accuracy is significant.

Deese-Roediger-McDermott (DRM) Paradigm:
Participants study a list of semantically similar words,
used to test memory recall [1].

Critical lure: Semantically similar word not present in
the DRM list [2].

Research Question: How does encoding level (deep
vs. shallow) and test type (recognition vs. recall)
impact memory accuracy and false memory rate? 

Hypothesis: Higher false memory rate reported in
deep-encoding, compared to shallow-encoding and
higher false memory rate in recognition testing,
compared to recall. 

[1] Deese, J. (1959). On the prediction of occurrence of
particular verbal intrusions in immediate recall. Journal of
Experimental Psychology, 58(1), 17–22.
https://doi.org/10.1037/h0046671 
[2] Roediger, H. L., & McDermott, K. B. (1995). Creating false
memories: Remembering words not presented in lists. Journal
of Experimental Psychology: Learning, Memory, and Cognition,
21(4), 803–814. https://doi.org/10.1037/0278-7393.21.4.803

Introduction

Methodology

Findings

Discussion References

By: Daisy Hagens, Taylor Moon, and Olivia Schieber-Mule

Effect of Encoding Level and Test Type on False Memories 

Interaction of Encoding Level and Test
Type on Memory Accuracy

Interaction of Encoding Level and Test
Type on Critical Lure Presence

These findings suggest that memory accuracy is
higher on recognition tests compared to recall tests,
and further increased during deep encoding. Test type
and encoding level did not significantly affect critical
lure presence, though the interaction meant that
critical lure presence was  highest on the recall-
shallow condition and recognition-deep condition. 

Limitations: Semantically similar words not included
on the original list were also recalled, but we did not
analyze other critical lures reported in the recall tests
for consistency with the recognition test.

Participants: 32 adults aged 19-29 (M = 21.9, SD = 2.40),
20 females and 12 males, fluent English speakers. 

Materials:

Procedure:
1. Study List (Shallow or Deep)
2. Recall or Recognition Task

       *** Distractor Task ****
3. Study Second List (Shallow or Deep)
4. Recall or Recognition Task

Deep Processing: Daily Use 1 (not often) to 5 (often)
Shallow Processing: Letter Count

https://doi.org/10.1037/h0046671
https://doi.org/10.1037/h0046671
https://doi.org/10.1037/0278-7393.21.4.803
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